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ABSTRACT

The number of recruits enlisted
from a target population varies signifi-
cantly by aptitude score. This memoran-
dum calculates the ratio of recruits to
population by AFQT category for the fis-
cal years 1980 to 1987.
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EXECUTIVE SUMMARY

Each year the armed services recruit several hundred thousand new
personnel. Enlistment standards for these personnel are established in
terms of mental aptitudes as measured by the Armed Forces Qualification
Test (AFQT), which is constructed from the Armed Services Vocational
Aptitude Battery (ASVAB). Estimates of the costs of recruiting as a
function of fine-grained intervals of ASVAB scores are frequently
needed, as is the case for the congressionally directed joint-service
Job Performance Measurement project. The goal of this project is to set
cost-effective enlistment standards. Cost estimates are currently
available only in terms of very large intervals ofASVAB scores.

This research memorandum develops a methodology for calculating
relative recruit yields for intervals of AFQT scores. Recruit yield, in
this context, is defined as the proportion of a population that enlists
when recruiting effort is undifferentiated. Although this approach does
not directly provide estimates of recruiting costs for different AFQT
categories, it does provide useful information on the recruit yields
from different mental groups of an undifferentiated recruiting effort.
The procedure is illustrated by applying it to readily available data
for individual AFQT categories. If the method proves useful it can
easily be applied to smaller score intervals.

The fundamental assumption underlying the analysis is that the
recruiting effort is undifferentiated--that is, that there is an apti-
tude level at and above which recruiters of at least some services are
indifferent to the aptitude level of the recruit. This aptitude level
may vary from year to year.

The data used in this analysis are on male high-school-graduate
(and senior) applicants and accessions from all military services within
the Department of Defense during fiscal year (FY) 1980 through FY 1987.
The 1980 ASVAB Reference Population data set was used to establish the
target population base.

RESULTS

The assumption of an undifferentiated recruiting effort appears to
hold, and the method is deemed appropriate for use in AFQT category IIIB
and above for recent years and in AFQT category IVA in FY 1980. Results
could probably be calculated in aptitude intervals as small as 10 per-
centile points and might be extended to AFQT category IVB.

Estimates of relative average DOD recruiting yields for male high
school graduates by AFQT category are shown in table I and may be sum-
marized as follows:

e Individuals with aptitude slightly above the mean (cate-
gory liA) or slightly below the mean (category IIIB) of
the population have about the same recruiting yield.

-V_



" Individuals with aptitude about one standard deviation
above the mean (category II) have a yield about 30 percent
lower than that at the mean.

" Individuals with aptitude about one standard deviation
below the mean (category IVA) have a 60-percent higher
yield than that at the mean.

" The yield drops sharply at high aptitudes; the enlistment
rate for category I is about 70 percent lower than that at
the mean.

Table I. Relative average DOD recruiting yields by recruit aptitude
level

AFQT
percentile Standard deviation

AFQT of mean percentile Relative average
category Range Mean from population meana recruiting yield

I 93-99 96.5 +1.6 0.31
II 65-92 79.5 +1.0 0.70
IlIA 50-64 57.0 +0.2 1.00
IIIB 31-49 40.0 -0.3 1.05
IVA 21-30 25.0 -0.8 1.61

a. (Mean AFQT percentile - 50.0)/28.9.
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INTRODUCTIOIN

All services are currently involved in a congressionally directed
joint-service project aimed at linking military enlistment standards to
on-the-job performance and, through tnis linkage, setting cost-effective
standards. As used here, the term enlistment standards generally refers
to scores on the Armed Services Vocational Aptitude Battery (ASVAB) and
the Armed Forces Qualification Test (AFQT) score, derived from the
ASVAB.

To address the performance aspect of the project, extensive hands-
on tests of job performance are being built and administered to re-
cruits. Analyses of the resulting data will yield the relationship
between ASVAB scores and job performance. I

Performance, however, is only part of the issue. It is well known
that recruits with higher aptitudes will perform better, but is the bet-
ter performance worth the presumed extra cost of recruiting and retain-
ing these recruits? In a pioneering effort to explore this issue, the
RAND Corporation developed a cost-benefit model [1, 2] for use by the
joint-service project. Alternative models have also been examined [3].
For maximum effectiveness these models require a well-defined relation-
ship between the ASVAB scores of individual recruits and the costs of
recruiting, training, maintaining, and retaining them.

This research memorandum addresses the issue of the relationship
between AFQT scores and the number of accessions for a given population.
Previous efforts in this area [4,5,6] have tended to be cross sectional
or time-series econometric analyses of high-level aggregations of re-
cruits (i.e., high school graduates or upper AFQT categories). The job
performance project, on the other hand, needs recruiting costs delin-
eated for very small intervals of AFQT scores. Although recruiting
costs are not directly estimated in this memorandum, calculating rela-
tive yields of recruiting provides important information on the relative
yields from different AFQT groups.

A method that should enable average recruiting yields to be esti-
mated in very small intervals of AFQT scores is proposed here. The
procedure is illustrated by applying it to readily available data for
individual AFQT categories (table 1). If the method proves useful it
can easily be applied to smaller score intervals.

The fundamental assumption underlying the analysis is that each
year the recruiting effort made on the youth population is undifferen-
tiated above a certa n recruit aptitude level. Above that aptitude
level the recruiters of at least some of the armed services are indif-
ferent to the specific aptitude level of the recruit. It follows that
the recruiting product (number of recruits per unit of target popula-
tion) per AFQT interval is inversely proportional to the average re-
cruiting effort (cost) for that AFQT interval. Analysis of data from
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1980 shows that an undifferentiated effort can be assumed for male high
school graduates at or above AFQT category IVA. Further analysis could
probably extend the coverage to include AFQT category IVB.

Table 1. AFQT categories

Range of
AFQT category percentile score

I 93-100
II 65-92
liA 50-64
IIIB 31-49
IVA 21-30
IVB 16-20
IVC 10-15
V 0-9

DATA

The data used in this analysis are shown in table 2. The numbers
of male high school graduates (HSG) and high school senior (HSSR) appli-
cants and accessions from 1980 through 1987 were developed from dis-
aggregated data supplied by the Defense Manpower IData Center (DMDC).
Data on the number of male high school graduates1 age 17 to 21 in he
population was calculated from the 1980 ASVAB Reference Population data
set [7]. Note that these scores have been correctly renormed, when
appropriate.

ASSUMPTIONS

The fundamental problem is to identify an aptitude level at or
above which recruiters' effort to recruit individuals is undifferen-
tiated. Recruiting effort may be considered to be of two kinds: the
effort to get individuals to apply for enlistment, and the effort to
turn applicants into accessions. These two kinds of effort are explored
in turn.

With regard to effort of the first kind, it is reasonable to assume

a priori that an undifferentiated effort extends into fairly low apti-
tude levels. Before individuals apply for enlistment and subsequent

1. High school seniors were selected on the basis of high school status
at time of testing with ASVAB (survey question 4 in reference 7).
2. The sample size is 1,762 cases. The distribution of aptitudes seems
reasonably stable (see appendix A).

-2-
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subsequent ASVAB testing, the reiruiter will generally have only crude
information about their ability. This information might include grades
it high school, scores on a screening test, and personal impressions.
Based on such information, it is difficult to reliably predict whether a
prospect is in one or the other of any two adjacent AFQT categories. An
individual estimated to be in category IVA might really be in IIIB and
would be lost as a recruit if not encouraged to apply. Recruiters have
equal difficulty judging whether an individual falls into one or the
other of the adjacent categories IIIB and liA. On the other hand, most
recruiters probably learn quickly to identify persons with very low
aptitude, perhaps category V, and do not waste further effort on them.
The difficulty lies in judging where the break occurs.

Data on the ratio of applicants to population by AFQT category
should help quantify the break point. It is reasonable to expect that
the ratio of applicants to population in any year should increase as
the aptitude (and thus options) of the potential applicant decreases.
On the other hand, if recruiters discourage individuals below a certain
aptitude from applying, then the trend should reverse. In table 3, the
actual tabulated ratios are presented, and the outcome is as expected.
For example, in 1987 a ratio of 2.9 percent in category I increases to
8.1 percent in category IIIB, reverses to 7.9 percent in category IVA,
and then declines smoothly to 1.8 percent in category V.

Similar trends characterize the other years. Fiscal year 1980 is
particularly worthy, in that the trend holds through category IVB/C and
only reverses in category V. FY 1980 was unusual because a misnormed
ASVAB [8, 9] was used from 1976 through 1980 so that the information the
recruiters had about the aptitude of individuals both before and after
ASVAB testing was inaccurate. The misnormed ASVAB overestimated apti-
tudes so that many individuals who were thought to be in category IlIIA
were actually in IIIB, many thought to be in IIIB were actually in IVA,
and so on. Prior experience as well as screening tests tied to the mis-
normed ASVAB would, of course, yield the same misleading expectations.
As a result many who would have been discouraged from applying were in
fact encouraged. The data in table 3 suggest that only applicants
actually in category V were actively discouraged from applying.

Categories in table 3 that show declining ratios are assumed to
denote aptitude levels at which some applicants were discouraged from
applying; hence, they are excluded from our final analysis.

1. A small percentage of applicants (5 to 15 percent) will have been
tested earlier on the version of ASVAB used in high schools. For these
individuals, recruiters will have good aptitude information.
2. Generally limits are set on the number of category IVA applicants
that may be accepted for enlistment. No category V applicants are
accepted.

-4-



Table 3. Ratio of applicantsa to population by AFQT category, all
services

Fiscal year
AFQT

category 1980 1981 1982 1983 1984 1985 1986 1987

I .0 4 2b .022 .027 .028 .023 .022 .027 .029
II .043 .059 .068 .070 .056 .052 .057 .056
liA .065 .072 .082 .086 .070 .069 .074 .075
IIIB .061 .072 .082 .082 .072 .085 .082 .081
IVA .099 .119 .121 .102 .092 .091 .0 7 8c .0 7 9c
IVB/C .112 .122 .1 0 7c .0 7 8c .0 7 2c .0 5 9c .0 4 7c .0 4 6c
V .0 7 3c .0 8 0c .04 9c .0 2 7c .0 2 3c .0 2 8c .0 2 0c .0 18c

a. HSG/HSSR only.
b. Probable anomalous result due to poorly determined AFQT conversion

table for ASVAB forms 6 and 7 in the upper percentiles [8].
c. The declining ratio is taken as an indication that individuals in

that category were not actively recruited.

The second kind of recruiting effort is convincing an applicant who
has tested on ASVAB to enlist. Here the general expectation is that the
ratio of accessions to applicants should increase as aptitude decreases
(less options available to applicant) up to the point at which the apti-
tude is below the minimum standards or is in a category in which only a
limited number of recruits are accepted. The ratios, as shown in
table 4, generally conform to expectations.

For example, in 1980 the ratio of 0.49 for AFQT category I in-
creases slowly to 0.58 in category IVA before decreasing slightly to
0.51 in category IVB/C and to zero in category V. This result is inter-
preted to indicate that in 1980 an undifferentiated recluiting effort
was expended on persons in AFQT category IVA or higher.

The data for more recent years support the assumption of an undif-
ferentiated effort for category IIIB and above. This result does not
imply that all services actively seek category IIIB personnel--only that
some do. Categories for which the assumption does not seem to hold are
noted in table 4 and are excluded from further analysis.

1. The actual extent of the misnorming was such that an undifferentiated
effort may well have extended to category IVB. Individuals thought to
be in category IIIB (31st percentile) were actually in category IVB with
true percentile scores of 17.

-5-



Table 4. Ratio of DOD accessionsa 'b to applicants by AFQT category

Fiscal year
AFQT

category 980 1981 1982 1983 1984 1985 1986 1987

I .49 .56 .46 .50 .67 .81 .59 .63
II .52 .55 .51 .55 .74 .67 .67 .68
IliA .55 .61 .55 .60 .83 .72 .76 .76
IIIB .57 .61 .56 .62 .79 .75 .89 .75
IVA .58 5 3C 46c  

4 1c 48c  
4 5c 37c  32c

IVB/C .5 1c 26c  1 6c 0 8c 0 1c 0 1c 0 0c 00c
V .00c  .00c  .00c  .00c  .00c  .00c  .00c  .00c

a. Male HSG/HSSR only.
b. All accessions in a given year do not necessarily come from that

year's applicants because some applicants are placed in delayed entry
programs.

c. The declining ratio is taken as an indication that individuals in
that category are not actively recruited.

RESULTS

The recruiting product (that is, the ratio of accessions to popula-
tion, taken from table 2) produced by the undifferentiated effort is
summarized in table 5. For example, the data indicate that 2.1 percent
of the population of male high school graduates age 17 to 21 in AFQT
category I were enlisted in 1980. This may be contrasted with a
3.6 percent rate for category IIIA in that year.

In 1987 the percentage by AFQT category ranged from 1.8 to
6.0 percent. At first glance, this seems like a very small fraction
and might lead one to conclude that recruiters do not actively recruit
but function as "ordertakers." If this were the case, it might imply a
goal-driven outcome and weaken the assumptions on which this analysis is
based. However, the percentage of population accessed is more properly
multiplied by a factor of 5 because the population base is a five-year
age group while accessions must be produced each year. Viewed in this
light recruiters are expected to enlist about 9 percent of category I
male HSGs and 30 percent of category IIIB from each graduating class.
With this perspective, the process is reasonably seen as more nearly
supply-limited and less goal-driven.

1. The actual population of youth has declined somewhat between 1980 and
1987. Because absolute numbers are not central to the discussion, the
population figures for 1980 are used throughout the period.
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Table 5. Ratio of DOD accessionsa to populationb by AFQT category

Fiscal year
AFQT

category 1980 1981 1982 1983 1984 1985 1986 1987

I .021 .012 .012 .014 .016 .018 .016 .018
II .023 .032 .035 .038 .042 .035 .038 .038
liA .036 .044 .045 .052 .058 .050 .056 .057
IIIB .035 .043 .046 .051 .057 .064 .073 .060
IVA .058 - - - - - - -

a. Male HSG/HSSR only.
b. Male HSG only.

The relative average recruiting yield is taken as the inverse of
the recruiting product in table 5 scaled to the yield in AFQT category
liA. The resulting estimates of relative yields are shown in table 6.
For example, the data indicate that in 1980, the relative yield for
category I male HSG was 0.58, compared to category liA male HSG. Put
differently, if recruiters were attempting to enlist recruits from a
population of 1,000 category I male HSGs, they would expect to access
21. From a population of 1,000 category liA male HSGs, they would
expect to access 36. Therefore, the relative yield for category I is
21/36, or 0.58. The estimates of relative yields are generally stable
across years and are averaged in the last column of table 6. These
averages are taken as the best estimates of relative average DOD
recruiting yields by AFQT category.

Table 6. Relative average DOD recruiting yieldsa by AFQT category
and year

Fiscal year
AFQT

category 1980 1981 1982 1983 1984 1985 1986 1987 Mean

I .5 8b .27 .27 .27 .28 .36 .29 .32 .31
II .64 .72 .78 .73 .72 .70 .68 .67 .70
liA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
IIIB 0.97 .98 1.02 .98 .98 1.28 1.30 1.05 1.05
IVA 1.61 - -- -- -- -- -- -- 1.61

a. Male HSG/HSSR only.
b. Probable anomalous result due to poorly determined AFQT conversion

table for ASVAB forms 6 and 7 in the upper percentiles [8].
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The estimates of relative average recruiting yields are compared to
the relative aptitudes of the target population groups in table 7. The
data indicate, for example, that the mean AFQT percentile in AFQT cate-
gory I is 96.5, which is 1.6 standard deviations above the mean of the
population. Male HSGs in this category are estimated to have a popula-
tion yield that is only 31 percent of those in category liA.

Table 7. Relative average recruiting yield by recruit aptitude level

AFQT
percentile Standard deviation

AFQT of mean percentile Relative average
category Range Mean from population mean recruiting yield

I 93-99 96.5 +1.6 .31
II 65-92 79.5 +1.0 .70
liA 50-64 57.0 +0.2 1.00
IIIB 31-49 40.0 -0.3 1.05
IVA 21-30 25.0 -0.8 1.61

a. (Mean AFQT percentile - 50.0)/28.9.

Viewed in the context of table 7, the results do not seem unreason-
able. Individuals slightly above or slightly below mean aptitude are
just as likely to enlist. The recruiting yield at about one standard
deviation above the mean aptitude is 30 percent lower than that at the
mean, whereas the yield in category IVA, which is nearly one standard
deviation below the mean, is 60 percent higher.

The results in tables 5 and 6 are expressed in recruits per popula-
tion. Another way of interpreting the findings is to calculate the size
of the population necessary to recruit a given number of accessions in
an AFQT category. For example, from table 5 it can be estimated that 57
recruits would be expected from a population of 1,000 category liA male
HSGs. To get the same number of accessions from category I, the popula-
tion needs to be 3,167, or 3.17 times larger. This approach provides a
rough estimate of the relative difficulty of recruiting in the highest
AFQT category.

It must be stressed that this analysis is based on the assumption
of undifferentiated recruiter yield--an assumption that seems reasonable
and is supported by the analysis. However, the analysis also indicates
a substantial benefit could be gained if some way could be found to dif-
ferentiate recruiter efforts more accurately and thereby enhance the
ability of the services to recruit upper-mental-group individuals.
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EXTENSION OF THE RESULTS

The results presented in table 7 are given in smaller intervals

than has generally been possible and should be useful as is. However,
estimates for even smaller intervals of aptitude would be most useful to

the job performance project. These could easily be done. The procedure

described here is only limited by the sample size available in the ref-

erence population base. The existing base (approximately 2,000 cases)

should support calculations in intervals of 10 percentile points.
Applicant data from the years 1976 through 1980 would be particularly

appropriate for addressing yields of low aptitude personnel. Individual
services will, of course, have different aptitude ranges where the
essential assumptions hold and may have different relative yields. It
may also be possible to use these results to calculate recruiting costs

for different aptitude mixes, although this requires making some assump-

tions about the effectiveness of recruiters.

Another potentially valuable extension of this analysis would be to
use these results to calculate recruiting costs for different aptitude

mixes. This requires making some assumptions about the effectiveness of
recruiters, but may provide more useful information than estimates based
on the traditional econometric approaches. For example, if recruiters
were able to differentiate among individuals with different aptitudes, a
rough appoximation of the relative cost of recruiting an individual in

AFQT category I versus category liA would be the reciprocal of the
recruiting yield of 0.31 shown in table 6. This gives an estimated rel-
ative cost of 3.23, which is likely to be a slight underestimate of the
true cost because it assumes that recruiters are able to differentiate
among applicants of different abilities, and this is unlikely to always
be true. Further refinements could be made by outlining more explicitly

the way in which recruiters operate, and how that relates to the various

yields estimated in this paper. Additional research along these lines
would make a significant improvement in the estimation of the relative
costs of recruiting different aptitude mixes.
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Table A-i tabulates the distribution of male high school graduates
ages 17 to 21 in the reference population by AFQT category. The sample
size of 1,762 cases is modest but probably satisfactory, and it corre-
sponds to the traditional age grouping used by manpower planners. The
AFQT distribution of the larger sample, age 17 to 23, is shown to be
similar, increasing confidence in the stability of the results.

Table A-i. Distribution of male high school
graduates in populationa by AFQT category

Percentage Number of cases

AFQT Age Age Age Age

category 17-21 17-23 17-21 17-23

I 10.5 13.1 133 283
II 35.4 37.3 514 933
liA 15.5 14.3 257 414
IIIB 18.9 16.9 362 555
IVA 7.2 6.9 172 267

IVB/C 8.0 7.3 185 289

V 4.5 4.2 139 200

Total 100.0 100.0 1,762 2,941

a. 1980 Reference Population.
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